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Introduction: Although red blood cell distribution width (RDW) has been reported to reflect
inflammation and nutritional status and to predict prognosis in several different types of cancer,
little is known about how RDW might be related to oral squamous cell carcinoma (OSCC). The
present study aimed to investigate the prognostic value of preoperative RDW in OSCC patients.
Materials and methods: We included 236 OSCC patients from Jinan Stomatological Hospital
(Shandong, People’s Republic of China) in this retrospective study. All enrolled patients were
divided into 2 groups: high RDW (≥15%) and low RDW (<15%) according to the detected RDW
values. The correlation of RDW and clinical characteristics was explored, and the prognostic
significance of RDW evaluated using Kaplan–Meier curves, log-rank analysis, and the Cox
proportional hazards model.
Results: The pretreatment median RDW among all OSCC patients was 14.4%, with a
range from 11.6% to 24.5%. The RDW was found to be significantly correlated with node
metastasis, tumor length, and TNM stage (P<0.05 for all). As for biochemical parameters,
the results showed that higher RDW values were significantly associated with hemoglobin,
mean corpuscular volume, white blood cell count, albumin, and C-reactive protein (P<0.01
for all). A significant association of RDW with the tumor marker cytokeratin 19 fragments
(CYFRA21-1) and squamous cell carcinoma antigen (SCC-Ag) was also observed (P=0.02,
and P=0.03; respectively). Moreover, patients with higher RDW were more likely to receive
postoperative therapy (P=0.02). Kaplan–Meier survival curves showed that a high RDW was
significantly associated with poor overall survival (OS) (P<0.01), especially in the early stages
(I–II). Multivariate analysis revealed that an elevated RDW at diagnosis was an independent
prognostic factor for shorter OS (HR =1.46, 95% CI: 1.13–2.86) after adjustment for other
cancer-related prognostic factors.
Conclusion: These data suggest that an elevated preoperative RDW (≥15%) at diagnosis may
independently predict poorer OS in patients with OSCC, but better-designed studies in the future
should be performed to further confirm the value of monitoring RDW.
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As a routine parameter of a complete blood count (CBC), red blood cell distribution
width (RDW) describes the degree of heterogeneity in erythrocyte size; it is often
used clinically to identify different types of anemia. Emerging evidence demonstrates an association between a high RDW and increased overall and disease-specific
mortality across patients with chronic or progressive inflammatory diseases such as
septicemia, cardiovascular disease, cerebrovascular disease, and others.1–3 Although
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the mechanism by which RDW affects the outcome of these
diseases remains largely unknown, its involvement in the
systemic release of circulating cytokines probably plays a
role. Among the hypothesized underlying factors are IL-6,
TNF, and poor nutritional status (eg, iron, folate, and vitamin
B12 deficiency) as well as age-associated disease causing
changes in erythropoiesis.4–7
It is well known that cancer is both a cause and a result
of chronic inflammation and that it can cause intractable
malnutrition.8 This has aroused interest in the possible
causes of physical debility in individuals with malignancies and the prognostic significance of these causes.9 For
example, low performance status and compromised nutritional status account for many patients’ poor quality of life
and are obstacles to cancer treatment.10–12 Generally age,
performance status, and disease stage are widely used to riskstratify patients with cancer and guide therapeutic strategy.13
However, the clinical conditions of cancer patients are so
complex that investigators have been prompted to search
for more appropriate and less expensive biomarkers that
would define a patient’s general condition for therapeutic and
prognostic purposes. Previous studies have suggested that
RDW may have diagnostic and prognostic value in several
different types of cancer including lung cancer, hepatocellular carcinoma, prostate cancer, esophageal carcinoma,
and others.13–16 Few studies have been aimed specifically
at determining the clinical usefulness of RDW in patients
with oral squamous cell carcinoma (OSCC), Tangthongkum
et al17 did not find any prognostic value of RDW on survival
in Thailand OSCC patients. Due to the causal association
of region-specific environmental and biological factors with
OSCC development, whether RDW also has no association
with clinicopathological characteristics in Chinese OSCC
patients remained unclear. Therefore, we aimed to investigate RDW levels and to determine the relationships between
RDW and various clinical parameters including survival in
a Chinese OSCC cohort.

Materials and methods
Study design
For our research, we chose to design and implement a case–
control study. The study population comprised patients presenting to Jinan Stomatological Hospital (Shandong, People’s
Republic of China) between June 2012 and September 2013
for the evaluation and management of OSCC. Patients with
a new histologically confirmed diagnosis of primary OSCC
were included; all of them underwent surgical resection of
the primary tumor. Excluded were patients with i nflammatory
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conditions such as infections or collagen disease, anemia,
cardiovascular disease, cerebrovascular disease, or COPD.
Also, OSCC patients were excluded if they had had a
previous malignancy, tumor metastasis, chemotherapy, or
radiotherapy before surgery. The cancer stage was determined in accordance with the American Joint Committee
on Cancer classification system and the histopathologic
postoperative pTNM categories system (International Union
against Cancer). Pretreatment blood samples were collected
from all OSCC patients using routine methods at the time
of diagnosis. This study was conducted in conformity with
the Declaration of Helsinki on medical protocol and ethics,
and the regional Ethical Review Board of Jinan Stomatological Hospital approved the study (Approval Number:
JNKQYYEC20090102006). Written informed consent was
obtained from all participants.

Measurement of variables
Blood parameters from the CBC including white blood cells
(WBCs), platelets (PLTs), hemoglobin, mean cell volume
(MCV), and RDW were analyzed with an automated hematology analyzer XE-2100 (Sysmex Corp, Kobe, Japan). The
normal range of RDW obtained from the CBC in general
and in our laboratory was 11.5%–15%. Biochemical parameters, alanine transaminas (ALT), albumin, creatinine, and
C-reactive protein (CRP), were analyzed with a Hitachi
Modular P800 (Hitachi High-tech Corporation, Tokyo,
Japan). Tumor markers including cytokeratin 19 fragments
(CYFRA21-1), squamous cell carcinoma antigen (SCC-Ag),
and carcinoembryonic antigen (CEA) were measured using a
Cobas 6,000 Autoanalyzer (Roche Diagnostics, Pleasanton,
CA, USA). The cutoff value for RDW was defined as 15%,
as in previous research, simultaneously in combination with
the normal range.13,14 Meanwhile, hemoglobin, albumin, CRP,
CEA, and cancer antigen 72-4 (CA72-4) were grouped based
on the upper or lower limit of the normal reference range,
respectively. All included patients were followed at 4-month
intervals until death or the last follow-up on November 2017.
Overall survival (OS) was defined as the interval from the
date of surgery to the date of disease recurrence, death, or
last follow-up. The median follow-up time was 42 months,
with a range of 4–52 months.

Statistical analysis

The data are reported as number (%) and mean ± standard
deviation. Normality was assessed by Shapiro–Wilk goodness-of-fit tests. Differences in continuous values between
2 groups were assessed with Student’s t-test for normally
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distributed variables and nonparametric Mann–Whitney U
tests for nonnormally distributed variables as appropriate.
The Pearson’s χ2 test was utilized to calculate the associations between RDW and clinical parameters. Survival probabilities were estimated by using Kaplan–Meier analysis, and
significant differences were evaluated by using the log-rank
test. The Cox regression analysis model was used to perform
multivariate analysis of prognostic factors. All analyses were
conducted using the SPSS 24.0 statistical software (IBM
Corporation, Armonk, NY, USA) and the GraphPad Prism
software 6.0 (GraphPad, La Jolla, CA, USA). P<0.05 was
considered statistically significant.

Results
Participants
A total of 236 patients with a histopathologically confirmed
diagnosis of OSCC were included in the study; their demographic data are shown in Table 1. The pretreatment median
RDW of all OSCC patients was 14.4%, with a range from
11.6% to 24.5%. Patients were categorized into 2 groups
according to their RDW values: 95 cases with an RDW
value ≥15% were defined as the high-RDW group whereas
141 cases with an RDW value <15% were defined as the
low-RDW group.

Correlation of pretreatment RDW and
patients characteristics
The associations between RDW level and clinical parameters
are summarized in Table 2. The RDW was found to be significantly correlated with node metastasis (P<0.01), tumor
size (P=0.03), and TNM stage (P<0.01). As for biochemical parameters, the results showed that higher RDW values
were significantly associated with hemoglobin, MCV, WBC,
albumin, and CRP (P<0.01 for all), but not PLT, ALT, or
creatinine. As for serum tumor biomarkers, significant associations between RDW, CYFRA21-1, and SCC-Ag could be
observed (P=0.02, P=0.03; respectively) but not with CEA.
We also found that patients with higher RDWs were more
likely to receive postoperative therapy (P=0.02). Moreover,
logistic regression analysis of the relationship between RDW
and the demographics of OSCC patients were analyzed. As
shown in Table 3, there were significant associations between
RDW and nodal metastasis (P<0.01), TNM stage (P<0.01),
and albumin (P=0.03).

RDW and prognosis
Kaplan–Meier survival curves confirmed that a high RDW
was associated with poor OS, and the difference in survival
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Table 1 Patients’ characteristics
Variables

Median (range)

N
Age
Gender
Male
Female
Smoking
Yes
No
Drinking
Yes
No
Grade
Well
Moderate
Poor
Tumor diameter (cm)
Lymph node metastases
Yes
No
TNM stage
I–II
III–IV
Blood and biochemical parameters
Hemoglobin
MCV (fL)
RDW (%)
WBC (×109/L)
Platelets (×109/L)
CRP (µg/L)
Albumin (g/L)
ALT (U/L)
Creatinine (mmol/L)
Tumor markers
CEA (µg/L)
SCC-Ag (µg/L)
CYFRA211 (µg/L)
Adjuvant therapy
No
Radiotherapy
Chemotherapy
Chemoradiotherapy

236
58 (37–79)
136 (57.6%)
100 (42.4%)
133 (56.4%)
103 (43.6%)
138 (58.5%)
98 (41.5%)
57 (24.2%)
106 (44.9%)
63 (26.9%)
3.2 (0.5–7.8)
97 (41.1%)
139 (58.9%)
118 (50.0%)
118 (50.0%)
110 (68–148)
92.1 (69.3–128.4)
14.4 (11.6–24.5)
6.3 (2.7–11.3)
186 (86–373)
8.9 (2.9–44.6)
36 (27–48)
46 (13–156)
68 (37–158)
6.8 (1.7–28.2)
5.8 (0.2–40.4)
7.8 (0.8–39.6)
72 (30.5%)
63 (26.7%)
49 (20.8%)
52 (22.0%)

Abbreviations: ALT, alanine transaminas; CEA, carcinoembryonic antigen; CRP,
C-reactive protein; CYFRA21-1, cytokeratin 19 fragments; MCV, mean cell volume;
PLTs, platelets; RDW, red blood cell distribution width; SCC-Ag, squamous cell
carcinoma antigen; WBCs, white blood cells.

rate between the high- and low-RDW groups was statistically
significant (P<0.01, Figure 1A). A significant difference in
OS between the high- and low-RDW groups with earlystage (I–II) OSCC was also observed (P<0.01, Figure 1B).
In the late-stage (III–IV) groups, a shorter survival time was
observed in OSCC patients with high RDWs, but this was
not statistically significant (P=0.07, Figure 1C). As shown in
Table 4, univariate analysis indicated that tumor size, nodal
metastasis, RDW, hemoglobin, CRP, albumin, SCC-Ag,
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Table 2 Relationship between clinical and laboratory data and
RDW in patients with OSCC

Table 3 Logistic regression analysis of the relationship between
clinical variables and RDW in OSCC patients

Variables

RDW
≥15%

RDW
<15%

Variables

OR with 95% CI

P-value

Number
Age (≥58/<58)
Gender (male/female)
Smoking (yes/no)
Drinking (yes/no)
Grade (good/moderate/poor)
Tumor diameter (≥3.2/<3.2)
Lymph node metastases (yes/no)
TNM stage (I–II/III–IV)
Blood and biochemical parameters
Hemoglobin (≥/<110 g/L)
MCV (≥/<95.6 fL)
WBC (≥/<6.3×109/L)
Platelet (≥/<186×109/L)
CRP (≥/<10 µg/L)
Albumin (≥/<35 g/L)
ALT (≥/<50 U/L)
Creatinine (≥/<111 mmol/L)
Tumor markers
CEA (≥/<5.0 µg/L)
SCC-Ag (≥/<1.5 µg/L)
CYFRA211 (≥/<3.3 µg/L)
Adjuvant therapy
No
Radiotherapy
Chemotherapy
Chemoradiotherapy

95
50/45
55/40
52/43
53/42
19/45/21
67/28
56/39
32/63

141
76/65
81/60
81/60
85/56
38/61/42
79/62
41/100
86/55

Tumor diameter (cm)
Lymph node metastases
TNM stage
Hemoglobin
MCV
WBC
CRP
Albumin
SCC-Ag
CYFRA211
Adjuvant therapy

1.35 (0.87–2.36)
2.64 (1.38–5.68)
2.26 (1.15–4.77)
0.95 (0.64–1.56)
1.33 (0.78–2.09)
1.97 (0.69–2.94)
1.72 (0.89–3.06)
0.64 (0.38–0.96)
2.11 (0.98–4.56)
2.09 (0.76–3.12)
1.83 (0.75–2.52)

0.43
<0.01
<0.01
0.78
0.56
0.47
0.32
0.03
0.17
0.32
0.38

33/62
24/71
65/30
43/52
54/41
31/64
18/77
15/80

96/45
59/83
42/99
62/79
32/109
81/60
20/121
32/109

<0.01
<0.01
0.01
0.76
<0.01
<0.01
0.37
0.25

39/56
61/34
54/41

49/92
68/73
60/81

0.34
0.02
0.03

20 (21.1%) 52 (36.8%)
31 (32.6%) 32 (22.7%)
25 (26.3%) 24 (17.0%)
19 (20.0%) 33 (23.5%)

P-value

0.89
0.92
0.69
0.50
0.37
0.03
<0.01
<0.01

0.02

Abbreviations: ALT, alanine transaminas; CEA, carcinoembryonic antigen;
CRP, C-reactive protein; CYFRA21-1, cytokeratin 19 fragments; MCV, mean cell
volume; OSCC, oral squamous cell carcinoma; PLTs, platelets; RDW, red blood
cell distribution width; SCC-Ag, squamous cell carcinoma antigen; WBCs, white
blood cells.

and adjuvant therapy were significantly associated with OS
(P<0.05 for all). To identify the independent prognostic factors, significant factors based on the univariate analysis were
included in the multivariate Cox analysis. Analysis using a
Cox multivariate hazards regression model revealed that
high RDW was an independent prognostic biomarker for
predicting poor OS in our patients with OSCC (HR =1.46,
95% CI: 1.13–2.86; Table 4).

Discussion
In the present study, we analyzed the significance of RDW
in Chinese patients with OSCC and found that RDW was
significantly associated with hemoglobin, albumin, and
CRP, in keeping with the findings from previous studies
among patients with lung cancer and esophageal cancer,
thus supporting the notion that high levels of RDW reflect
chronic inflammation and poor nutritional status in patients
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Abbreviations: CRP, C-reactive protein; CYFRA21-1, cytokeratin 19 fragments;
MCV, mean cell volume; OR, odds ratio; OSCC, oral squamous cell carcinoma;
PLTs, platelets; RDW, red blood cell distribution width; SCC-Ag, squamous cell
carcinoma antigen; WBCs, white blood cells.

with these conditions.13,14 Additionally, our results showed
a positive association between RDW and clinical cancer
stage, nodal metastasis, and particularly tumor size, suggesting a potential association between RDW and increased
inflammation/malnutrition induced by the progression of
disease. Further, we found that a high preoperative RDW
was meaningfully associated with a poor clinical outcome
in patients with OSCC.
OSCC is among the most lethal malignancies of the
oral cavity; with a variable regional distribution, it accounts
for more than 10% of all cancers in some Asian regions.18
OSCC is characterized by frequent metastases, a high rate
of recurrence, and a poor prognosis.19 As in other types of
cancer, inflammation and malnutrition are hallmarks of
OSCC; these frequently cause local inflammatory fester
and worsen malnutrition due to inappetence and obstructed
feeding.8,20 It is widely acknowledged that tumor-generated
inflammatory responses mediated by cytokines and other
inflammatory mediators may promote the growth, invasion,
and metastasis of cancers.21 In addition, malnutrition makes
it more difficult for individuals to bear the burden of their illness. Some hematologic parameters including neutrophil-tolymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
and CRP are significantly correlated with host inflammation
and nutritional status,22,23 which have been identified as an
important biomarker in predicting progression or survival of
OSCC patients. For example, Chen et al24 recently reported
that preoperative NLR is an independent factor predicting
the prognosis of OSCC, especially for patients who have
undergone postoperative chemoradiotherapy; these investigators suggest that it could serve as a potential target for
improving patients’ prognosis. Acharya et al25 have reported
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Figure 1 Survival rates of OSCC patients stratified by RDW.
Notes: (A) Survival rates of all OSCC patients; (B) survival rates of OSCC patients with early-stage (I–II) disease; (C) survival rates of OSCC patients with late-stage
(III–IV) disease.
Abbreviations: OS, overall survival; OSCC, oral squamous cell carcinoma RDW, red blood cell distribution width.
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Table 4 Univariate and multivariate Cox proportional hazards analyses of parameters for OS rates in OSCC patients
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Variables
Age (≥58/<58)
Gender (male/female)
Smoking (yes/no)
Drinking (yes/no)
Grade (good/moderate/poor)
Tumor diameter (cm) (≥3.2/<3.2)
Lymph node metastases (yes/no)
Blood and biochemical parameters
RDW (≥/<15%)
Hemoglobin (≥/<110 g/L)
MCV (≥/<95.6 fL)
WBCs (≥/<6.3×109/L)
Platelets (≥/<186×109/L)
CRP (≥/<10 µg/L)
Albumin (≥/<35 g/L)
ALT (≥/<50 U/L)
Creatinine (≥/<111 mmol/L)
Tumor markers
CEA (≥/<5.0 µg/L)
SCC-Ag (≥/<1.5 µg/L)
CYFRA211 (≥/<3.3 µg/L)
Adjuvant therapy (yes/no)

Multivariate analysis

HR (95%)

P-value

HR (95%)

P-value

1.37 (0.74–2.45)
1.21 (0.47–2.98)
1.04 (0.45–1.98)
0.98 (0.34–2.19)
0.78 (0.36–3.49)
3.01 (1.54–4.63)
3.25 (1.66–6.17)

0.69
0.76
0.67
0.78
0.72
<0.01
<0.01

1.98 (0.78–3.21)
2.28 (1.34–3.91)

0.39
<0.01

2.78 (1.43–3.29)
1.87 (1.05–2.56)
2.22 (0.78–3.09)
1.67 (0.54–1.89)
0.87 (0.37–2.16)
2.23 (1.11–3.25)
0.65 (0.33–0.87)
1.56 (0.87–3.04)
2.04 (0.79–3.24)

<0.01
0.04
0.38
0.56
0.67
0.04
<0.01
0.33
0.41

1.46 (1.13–2.86)
1.46 (0.89–2.63)

0.02
0.17

1.47 (0.98–2.83)
0.74 (0.45–0.96)

0.08
0.03

1.44 (0.87–2.56)
1.79 (1.03–4.11)
1.52 (0.86–2.76)
2.99 (1.18–5.37)

0.35
0.04
0.37
0.02

1.46 (0.78–2.89)

0.36

1.63 (0.92–2.19)

0.14

Abbreviations: ALT, alanine transaminas; CEA, carcinoembryonic antigen; CRP, C-reactive protein; CYFRA21-1, cytokeratin 19 fragments; MCV, mean cell volume; OSCC,
oral squamous cell carcinoma; PLTs, platelets; RDW, red blood cell distribution width; SCC-Ag, squamous cell carcinoma antigen; WBCs, white blood cells.

that an elevated CRP may predict lymph node metastasis and
that CRP could be added as an extension to known clinicopathologic parameters – such as lymph node metastasis,
staging, and histology – to predict the prognosis in OSCC.
And Adel et al26 have reported that preoperative CRP is an
important biomarker for classifying high-risk lymph node
density in patients with OSCC. Similarly, previous studies
have reported that preoperative PLR is directly associated
with nodal involvement in OSCC. Preoperative PLR is
superior to NLR for predicting lymph node metastases in
OSCC.27 Similar to NLR and PLR, our results also showed
that RDW could reflect enhanced inflammation, metastasis,
and advanced stage in OSCC patients.
We also observed a significant association between high
RDW and poor prognosis in all of our patients, whether they
had early- or late-stage OSCC. Although RDW values were
positively associated with cancer stage, it is not surprising
that all patients with higher RDW values had shorter survival
times. However, there was a great difference in OS between
high- and low-RDW values in patients with stage I–II disease
as compared with those with stage III–IV disease, since
the prognosis for the latter was worse. This phenomenon
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has also been observed in patients with lung cancer, in that
statistically significant differences were observed only in
those with early lung cancer rather than those in the later
stages of disease.13 One potential explanation for this difference may be the stronger association of RDW value with performance status (PS), albumin, and CRP in the early stages of
cancer. In later stages, more confounding factors play a role
in inflammation, poor nutritional status, finally prognosis.
Consistent with previous studies, our OSCC patients with
poor PS, lower albumin, and higher CRP had significantly
poorer survival; the multivariate Cox analysis indicated
similar results with regard to these independent prognostic
factors. When these confounding factors were excluded,
RDW remained as an independent prognostic factor. However, Tangthongkum et al17 have discussed the association of
RDW with prognosis in Thailand OSCC patients, and they
did not observe any prognostic value of RDW on survival
outcome. One possibility for this discrepancy is the different RDW cutoff value. Tangthongkum et al17 used the RDW
cutoff point of 14.05, while the present study used the upper
limited of the normal reference range of RDW (15.0). OSCC
patients could be divided into totally different subgroup
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according to different RDW cutoff value, so it makes sense
that the set of RDW cutoff value could affect the results.
The other possibility is the difference in clinicopathological
and treatment variables of OSCC patients between these 2
studies. The majority of OSCC patients from Tangthongkum
et al’s17 study were male (64.2%), had III–IV stage (66.8%),
tumors were well differentiated (59.2%), as well as did not
undergo chemotherapy. Besides, the environmental factors
between these 2 cohorts may also be the potential cause of
this discrepancy.
Obviously, there are several limitations to this study.
First, there may be potential bias and inaccuracy in data
collection, as in most retrospectively designed studies, and
our sample size was comparatively small. Also, we could
not divide patients into 2 cohorts including an exploration
set and a validation set. We could not evaluate the association of RDW with other clinicopathological characteristics
due to lack of enough information such as histological
characteristics (Ki67, p53, basaloid feature, etc). Second,
the treatment regimens and therapy strategy varied among
individuals. This led to differences difference in therapeutic
response and accounts for discrepant prognoses. We did not
analyze the role of compounding factors including different
treatment regimens and therapy strategies in the association
between RDW and the survival of patients, which is likely a
considerable limitation. Overall, we hope that our findings
will be validated in further multicenter investigations with
larger sample sizes and less heterogeneity.

Conclusion
In summary, our study revealed a potential association
between RDW and hemoglobin, MCV, albumin, family cancer
history, CRP, WBC, NLR, clinical cancer stage, node metastasis, and tumor size in OSCC patients. A significant correlation
between higher RDW and poor prognosis was also suggested.
Because RDW values can be routinely examined by CBC, this
relatively inexpensive and easily available parameter may be
used as a new marker to aid in the treatment and prognosis
of OSCC. Better-designed studies in the future should be
performed to further confirm the value of monitoring RDW.
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